This paper uses a randomized experimental design and real-time electronic stove use monitors to evaluate the frequency with which villagers use improved biomass-burning Mirt injera cookstoves in rural Ethiopia. Understanding whether, how much, and why improved cookstoves are used is important, because use of the improved stove is a critical determinant of indoor air pollution reductions, and reduced greenhouse gas emissions due to lower fuelwood consumption. Confirming use is, for example, a critical aspect of crediting improved cookstoves' climate change benefits under the United Nations Reducing Emissions from Deforestation and Forest Degradation Programme. The paper finds that Ethiopian households in the study area do use the Mirt stove on a regular basis, taking into account regional differences in cooking patterns. In general, stove users also use their Mirt stoves more frequently over time. Giving the Mirt stove away for free and supporting community-level user networks are estimated to lead to more use. The study found no evidence, however, that stove recipients use the stoves more if they have to pay for them, a hypothesis that frequently arises in policy arenas and has also been examined in the literature. 
Introduction
Humans have cooked food for several hundred thousand years and while the origin of cooking is debated, evidence may date back almost 1 million years, which is before Homo Sapiens (Wrangham et al., 1999) . Currently, about three-fifths of the human population regularly uses gas or electricity for their cooking (Smith et al., 2013; IEA, 2012) , but the remaining 2.8 billion people often find commercial fuels too expensive or too irregularly supplied to use for cooking and heating.
Instead, they rely on solid fuels like coal, fuelwood, dung and charcoal that are combusted inside their homes (Jeuland and Pattanayak, 2012 , Grieshop et al., 2011 , Smith et al., 2013 . Without major policy changes, the global number of people depending on such fuels is projected to remain close to constant at least through 2030 (IEA, 2006) .
Biomass fuels are a particularly important class of solid fuels that are often self-collected and are easy to use in traditional and inexpensive stoves. This paper focuses on these cooking technologies and particularly on an improved wood-burning stove that in laboratory tests and in controlled field tests uses less wood. The Federal Government of Ethiopia is promoting fuelefficient biomass cookstoves and has declared its intention to distribute 9.4 million stoves within five years. Achieving this goal would imply that roughly half the households in Ethiopia would use improved biomass stoves. The so-called MIRT injera 2 stove, which is currently being promoted in Ethiopia, and is the focus of this paper, has been found to use approximately 30% less wood to cook a typical meal in the field (Gebreegziabher et al., 2014) .
1 The authors are listed in alphabetical order and authorship is shared. They would like to thank the World Bank for financial support of the research through the Knowledge for Change Trust Fund and the Trust Fund for Environmentally and Socially Sustainable Development. We would also like to acknowledge the Berkeley Air Monitoring Group for supplying and advising on the use of the electronic stove use monitors used in this study and to the supervisors and enumerators who conducted the field research. Ermias Dessie provided expert data processing that allowed the data to be analyzed.
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The continued dependence on biomass fuels and the technologies in which they are burned are of concern for three main reasons. First, combustion of such fuels emits several indoor air pollutants (Smith et al., 2013) . When inhaled, these pollutants are known to cause a variety of diseases, the most important of which are lower respiratory infections and chronic obstructive pulmonary disease. Household air pollution from solid fuels is estimated to have killed 3.5 million people in 2010 (Lim et al., 2013) and constitutes the 4 th largest risk factor for the global burden of disease.
Second, biomass burning can contribute to outdoor air pollution and climate change. If biomass (e.g. fuelwood) is not sustainably harvested, as is often the case in developing countries, sequestered carbon is on net released into the atmosphere. Indeed, deforestation and forest degradation account for between 12% and 20% of annual greenhouse gas emissions (Saatchi et al., 2011; van der Werf, 2009 ).
Indoor burning of biomass contributes about 16% of total outdoor particulate concentrations (Smith et al., 2013 ) and a potentially important part of these particulates is black carbon. Black carbon is a short-lived greenhouse gas that while it is in the atmosphere is a particularly strong climate forcer. Fossil fuel CO2 emissions cause 40% of anthropogenic climate change, but black carbon is second at 18% and approximately 25% of the black carbon contribution may be from small biomass stoves, mainly in low-income countries (Bond et al., 2013) . Certain types of improved biomass cookstoves have been found to reduce black carbon emissions compared with traditional stoves (Kar et al., 2012) .
Finally, collecting fuelwood can be time-consuming for households and in some circumstances the scarcity of fuelwood could have important livelihood implications, including reduced agricultural output due to labor and land diversions, increased labor burden on women and children and reduced consumption (Cooke et al., 2008) . In general, though, the literature does not support the hypothesis of major welfare effects from biomass scarcity, particularly via household labor budgets (e.g. Amacher et al., 2004) . A key reason for this general finding is likely that household production systems and prices -where they exist -adjust to scarcities in sophisticated ways, mitigating major declines in welfare (Bluffstone, 1995 (Gifford, 2010) .
Whether, how frequently and why low-income country residents actually use more efficient biomass cookstoves are very much open questions that go to the heart of whether stoves are truly "improved." As discussed in the following section, in the past more efficient biomass cookstoves promoted in low-income countries have often not been accepted or used by cooks. Better understanding whether particular stoves really have the potential to address critical challengesthrough use -is therefore of prime importance.
The following section discusses the literature on improved biomass cooking stoves, the potential linkages with climate change and forestry policies and the use of field experiments for evaluating the efficacy of such technologies. Section 3 presents the sampling and experimental designs used to collect the primary data. Part 4 of the paper reviews the variables and empirical methods used and section 5 presents the results. Section 6 concludes the paper and draws key policy implications.
Literature Review
REDD+ is a still-evolving program to provide incentives for FCCC non-Annex 1 countries to reduce deforestation and forest degradation. A number of authors have suggested that better management of community forests can support REDD+ objectives (e.g. Agrawal and Angelsen; Skutsch and McCall, 2012 ). An estimated 25% of developing country forests (World Bank, 2009; Economist, 2010 ) and 15.5% of global forests (RRI, 2014) are under the control of communities. Many of these forests are degraded and have significant upward potential. REDD+ could provide incentives to realize this potential while also supporting rural livelihoods in low and lower-middle income countries. This is, of course, the "win-win" potential of REDD+.
What monitoring and commitment mechanisms can help realize these goals when direct monitoring and verification is difficult? Input-based compliance mechanisms for which GHG impacts can be reliably estimated are one potential approach. Such a strategy can be an attractive way to credit offsets, because it may not involve measuring and monitoring actual carbon sequestration in forests. If it is known, for example, that a particular technology is preferred, used and reduces demand for fuelwood, all that has to be monitored is whether subsidies from carbon finance actually reach households and if the technologies are installed.
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Improved biomass cooking stoves, such as the Mirt stoves, are technologies that, among other possible improvements, could reduce fuelwood use and forest degradation. As evaluated in a small case study in Mexico by Johnson et al. (2009) , proving such claims can be difficult. They note that generating REDD+ or other carbon credits involves understanding stove emission factors, fuel consumption and the portion of fuelwood used that is unsustainably harvested. Documenting that improved stoves with fewer emissions in areas with unsustainably harvested fuelwood are regularly used is critical to documenting reduced fuelwood use, but is not fully sufficient. Rebound effects could even increase fuelwood consumption if users use two stoves more extensively than one stove. Beltramo and Levine (2010) , for example, find that actual use of solar ovens in Senegal was low, but when it was used households continued to use their traditional stoves.
As discussed in Gebreegziabher (2015) , the history of improved biomass cookstoves is not exactly one of complete success. Criticisms, particularly on behavioral grounds, in the past were widespread. Manibog (1984) took aim at sloppy implementation and Gil (1987) pointed to stove designs that did not meet user expectations. Others focused on what today would be called rebound effects (e.g. Jones, 1988) and Barnes et al. (1993) noted that a key reason for disappointing results was that fuelwood savings were overestimated. While lab tests suggested savings of about 50%, in the field, such savings were unusual. Goals of 25% fuelwood savings were more reasonable, they said.
The importance of the almost 3 billion people who cook with wood on a regular basis remains, however, and in recent years improved biomass cookstoves have re-emerged as a potential solution to important problems. Of special significance is the Global Alliance for Clean Cookstoves, which was founded in 2010 and seeks to foster adoption of clean cookstoves and fuels by 100 million households by 2020. Improved cookstove programs are also increasingly funded by carbon finance (Lewis and Pattanayak, 2012; Gifford, 2010) . At least with regard to per-meal fuelwood savings, authoritative evidence is emerging that low wood-using biomass cookstove designs have improved. Bensch and Peters (2013) conduct an ex post evaluation of the Jambar charcoal stove in Senegal. Using OLS with and without propensity 3 See www.projectsurya.org for an interesting example of a project relying on carbon finance.
7 | P a g e score matching, they find that the Jambar stove reduces charcoal to cook typical meals by 25% compared with traditional stoves.
In a randomized control trial also in Senegal, the same authors find that fuel saving per meal cooked on the Jambar stove compared with a control group is even higher at 48%. They also find co-benefits associated with the virtually 100% usage of the stoves, including fewer eye infections and less cooking time (Bensch and Peters, 2012) . A randomized controlled cooking test was used by Burwen and Levine (2012) to evaluate a locally made and designed woodburning cookstove in Ghana. They find that the stoves on average reduce fuelwood to cook a standardized meal by 12%.
Using electronic stove use monitors they also find that the stoves are used very frequently. Gebreegziabher et al. (2015) find that in field controlled cooking tests Mirt stove wood savings per meal averaged 26% across two rounds of tests and users were satisfied with the technology.
Such field experiments can be very helpful for distinguishing short and long-term effects of interventions. 4 Long-run effects are typically the most important from a welfare perspective (e.g. households who paid compared with those who received them for free. Ashraf et al. (2010) find in an experiment on the use of chlorine in drinking water that higher prices indeed increase the probability that people use chlorine. Charness and Gneezy (2009) paid students (i.e. a negative price) to exercise at nearby gyms. In the treatment where students were paid to go eight times over a period of one month, they find a long-term effect on gym visits compared to a treatment where students were paid only once. They conclude this difference is because it takes time for habits to change.
This literature on behavioral treatments and technology use is very relevant for our paper, because we examine the effect of randomly assigned treatments on Mirt stove use within the context 8 | P a g e of a field experiment. Users received Mirt stoves under three randomly assigned price schemes and two networking options that are discussed in the following section. We then examine the extent of stove use over the course of more than one year.
Sampling and Experimental Design

Sample site selection
The sample sites are chosen from that used in a 2012 study by the Environmental Economics Policy Forum for Ethiopia (EEPFE) based at the Ethiopian Development Research Institute (EDRI) that identified 110 sites from which forestry and related data were collected. It was the community level information collected from these study sites that was used to assign treatments and test randomization.
Out of the 110 sites, we remove 15 sites that were covered during a pilot survey conducted to inform our research. We also remove all sites from Tigrai Regional State as open three-stone traditional stoves, which are used throughout most of the rest of Ethiopia, are not used in this region. We also remove three sites from Borena District, because injera is not typically eaten. From the 81 remaining sites we select 36 sites at random using proportionate random sampling based on regional state forest cover. Forest cover was used, because most fuelwood in the sample areas come from forests. Forested area also proxies well for total regional state population and area. Based on this criterion 20% of the observations come from Amhara region, 50% from Oromiya region and 30% from SNNP. The selection of sites within each regional state was done using simple random sampling.
A site in this study is a village (locally called Got or sub-Kebele). A list of households for each site was obtained from the local administration. All sites have formal or informal forest user groups.
A total of 504 households were selected from the 36 villages (14 households from each site) using systematic random sampling. A total of 360 households (10 households from each site) received the improved Mirt stove and the rest were control households who did not receive the Mirt stove. In this paper, which deals with Mirt stove use frequency, we do not use results from the controls.
Improved Mirt Stove Distribution, Stove Use Monitors (SUM) and Information Provided to Respondents
Five well-trained supervisors with significant field experience were deployed in each round of field work (each covering 7 or 8 sites). Five enumerators worked under each supervisor. These 30 individuals implemented the research in all four rounds of the study. After identifying sample households, respondents were told by the fieldworkers that they were chosen randomly to receive a stove under the same terms as others that received a stove in their village and they were informed of the terms (i.e. the treatment). Fieldworkers also gave respondents full information on the stove features.
Respondents were informed that if they agreed to participate, their stove use would be monitored and enumerators would come to their houses to download data a few weeks after installation or re-installation of the stove use monitor (SUM) devices. We rely on automatic temperature measurement rather than respondent reporting to identify cooking events, which we believe is more reliable. Respondents were shown the SUM device and informed that should they agree to participate, these devices would be placed on the stoves using heat resistant tape and the only activity the devices would perform is to periodically record the temperature of the stoves. Fieldworkers also informed respondents that the SUM devices are safe at reasonable temperatures, but they are potentially unsafe if they are put in or very close to fires, because they have flammable components inside them. If SUMS fall in the fire, they should be removed immediately and after they are cool replaced on the top of the stove using the heat resistant tape.
Fieldworkers informed participants that stove use is not required to receive a stove, but they were encouraged to use them. Respondents were asked for their formal oral consent and all respondents agreed to participate in the study. There were no refusals.
Households were typically invited to a centralized location, such as a school or kebele office, to receive their stoves and preliminary instructions from field supervisors. Villagers then took the six concrete stove pieces and the clay cooking plate back to their homes. Typically, the following day enumerators came to install the stove in the kitchen area, either in the main home (47%) or in a separate kitchen (53%) by mudding together the six concrete pieces. They also gave the cooks training on how to use the stove and the SUM device was installed on the stove using heat-resistant tape.
The SUM was placed exactly at the back of the stove, because it is the coolest location on the Mirt stove. It was initially believed that the front of the stove was the coolest and several SUM devices were ruined in the first round, because their temperature tolerances were exceeded. Because of such malfunctions, the panel data used in this study are not balanced, with the second monitoring period having the fewest observations. Over the four rounds a maximum of 1,440 observations (360 per round) are possible, but because of stove use monitor failures, observations in each round are about 300, with a total of 1,209 observations across all rounds. There was no attrition in the sample 6 6 A subset of 108 households also participated in three controlled cooking tests. These tests are not part of this study, but in the analysis we take account of which households participated in this additional research. The traditional technology in most of Ethiopia is the three-stone tripod fire. It is not technologically possible to reliably monitor this type of stove using the SUMs. The use of the traditional stove was therefore not monitored and we must imperfectly infer the degree to which the Mirt stove is exclusively used and cannot say much about possible rebound effects in which efficiency gains are eroded by increased cooking.
Two features of the Mirt stove likely mitigate large rebound effects. First, the Mirt stove is highly specialized for injera baking, which makes it very unlikely that it will be shifted to other uses (a potential rebound effect). As will be discussed below, we find that the Mirt stove is on average used 2-3 times per week, which is a very traditional and typical interval for injera baking. It is also almost exactly the mean reported baking interval reported in Gebreegziabher (2015) . It is therefore very likely that on average most if not all injera baking is done on the Mirt stove and therefore captured by our monitoring.
Second, the Mirt stove has the capacity to do cooking with waste gases before they are vented and over 80% say they use the second burner for cooking stews and coffee. This feature offers additional efficiencies that likely reduce the need to cook on two stoves simultaneously. In sum, while we cannot rule out major rebound effects, there is little reason to expect they would be large.
Treatments
The participating households received the stoves under 6 randomized treatments. There were three aspects to each treatment, with only two levels of each aspect (present or absent) divided equally so one-third of all sites received each treatment aspect. These aspects are: 1) payment for stove use; 2) cost of the stove and 3) networking.
In the first treatment aspect sites were randomly chosen for households in those sites to receive a 50 Birr payment if the SUM devices indicated that Mirt stoves were used at least twice per week during the first monitoring period. The 50 Birr payment was made after checking the recorded SUM data at the end of the first round (about 6 weeks after installation of the SUM device). In a manner similar to Charness and Gneezy (2009) , this treatment aspect tests the hypothesis that use incentives increase stove use frequency.
The second treatment aspect is cost. One-third of the sample paid 25 Birr for their Mirt stoves and the remainder received their stoves for free. This is about 13% of the real stove cost.
This treatment aspect tests the same type of hypothesis examined by Cohen and Dupas (2010) that those who pay for their stoves use them more frequently. Other payment treatments were not used, because of budgetary limitations and it is possible that if, for example, full cost was charged, some respondents would have refused to take the stoves.
The final treatment aspect is the network component. The 1/3 of respondents who received this aspect not only received in-home Mirt stove training, but were also brought together with others in their village for a group meeting with supervisors. The 10 villagers receiving the network treatment in each of the 12 villages were assembled in a common area in the village. The details of the stove use were reiterated and users had the opportunity to ask questions. This treatment aspect tests whether making those who received Mirt stoves aware of each other in a formal setting and allowing users to learn from and potentially network with each other increases stove use frequency.
All households in a village who were randomly selected received only one of the six treatments below, which remained constant across all four monitoring periods. Households receiving other treatments are used as controls for the particular treatments being analyzed. One treatment is assigned to 6 sites making a total of 6 sites receiving the same treatment.
Households that received treatments 1 and 2 received 50 Birr if they used the Mirt stove twice per week during the first monitoring period in addition to receiving the stoves for free. Households that received treatments 3 and 4 paid 25 Birr for the stove. Respondents who paid for stoves did not simultaneously receive incentives for using their stoves, because this combination was judged to be confusing for users. Those in treatment groups 5 and 6 received their stoves for free. Treatments 2, 4 and 6 received the network treatment aspect in addition to one of the three financial treatment aspects. It is important that the treatments are randomized across sites. For this randomization we use variables/indicators from community level data collected at the selected sites. These indicators include wealth variance, existence of forest rules and regulations, and percent of biomass change over 5 years, distance to market and percent of households with access to piped water. These variables were derived from the community survey conducted by EEPFE in 2012.
Data Management
The SUMs generate an enormous amount of temperature data for each household, but our interest is only in the frequency of stove use, which is defined as the number of times that cooking events occur per week. We define a cooking event as having taken place if the recorded temperature exceeded 40 degrees Celsius. The number of peaks is calculated with the help of signal processing and analysis (O'Haver, 1997) and a cooking event is one where there is a peak above 40 degrees
Celsius. The use of 40 degrees Celsius helps remove the possibility of counting peaks that are really due to normal temperature variation not related to cooking. The maximum ambient temperature recorded in the sample was 35 degrees Celsius and the average was 25 degrees.
To measure the frequency of use during a monitoring period, we simply count the number of times the stove surface temperature exceeds the critical value. The average stove use in a round is therefore total frequency/total days temperature was measured. We express this value per week, because injera tends to not be cooked every day. The key outcome variable is the number of times the Mirt stoves are used per week.
Using this experimental design and data management system, the key outcome data were generated and assembled. Other data on household characteristics, demographics and cooking situations were collected using a household survey. The following section discusses the empirical methods used to analyze these data.
Variables and Empirical Methods
There are two major steps to the analysis. Because our stove distribution was random at the household level, we begin our empirical analysis with use frequency descriptive statistics and ranksum tests of differences that exploit this randomness. Second, we evaluate the factors affecting the number of Mirt stove cooking events that occur on average per week during the four monitoring periods.
A key objective of the analysis is to test whether the 6 treatments applied affect stove use frequency. That is, we attempt to determine the effect of each treatment on stove use had the stove been distributed without that treatment. For example, we might want to test the effect of our network treatment combined with free distribution (i.e. treatment 6) compared with free distribution and no network treatment to the same household (treatment 5). Formally, we would therefore like to estimate the average effect of each treatment vis-à-vis all other treatments for the same participating households. That is, ideally, we would like to see the effect of all our 6 treatments on each randomly chosen household. This goal is given in equation 1, where i indicates the treatment, j is the counterfactual, T is the treatment indicator, Yi is the treated outcome and Yj is the untreated outcome.
The above criterion is, of course, unobservable, because E(Yj|Ti=1), which is the counterfactual, did not occur. Though our data are experimental, using observational outcomes purely from the untreated group has the potential to generate selection bias (Andersson et al., 2011) .
One possible solution is to use E(Yj|Tj=0), which is observable, as a proxy for E(Yj|Ti=1) if households in all six treatment groups are comparable on observable and unobservable features. If differences are observable, they can be controlled for in regressions or used to match households and estimate average treatment effects. Both these methods are used and presented below.
Because some differences may not be observable and therefore they cannot be controlled for, without simultaneous access to parallel universes, random distribution of treatments is the best context in which to use E(Yj|Tj=0) as a proxy for E(Yj|Ti=1). In other words, successful and full randomization is perhaps the most effective way to assure that treatment i and control j groups are fully comparable.
As will be established and discussed in detail below, using Kruskal-Wallis tests based on 7 key community characteristics we confirm the hypothesis that the treatments are from the same population; randomization therefore appears to have been largely successful, though it is not possible to test successful balance based on unobservables.
Because randomization seems to have been successful, in the following section we present 15 non-parametric Mann-Whitney rank sum tests. We also use regression methods to test the robustness of these findings to avoid confounding treatment effects with the influence of other variables and to evaluate the effects of variables other than our 6 treatments on the frequency of stove use. For this purpose we first present pooled OLS results with round and district (i.e. woreda) fixed effects and errors clustered by household. We use pooled OLS instead of a random effects model, because only our stove use data vary over time. We therefore do not have a true panel.
However, we also provide the results from random effects estimation in Appendix B. In these models we adjust for key household level variables that may confound our interpretation of the treatment effects. These variables are given in Table 2 above. Most variables are self-explanatory, except the risk coefficient. Risk preferences are measured by eliciting participants' preferences between lotteries and a list of sure amounts between the low and high amounts of the lottery. The prize to be won at the lottery was fixed at 40 Birr and the low amount at 0, with the sure amounts increasing from 0 Birr to 40 Birr in steps of 1 Birr.
The point at which a participant switched from preferring the lottery to preferring the sure amount of money was encoded as the certainty equivalent for the participant, i.e. the amount for which the participant is indifferent between the sure amount and playing the lottery. There were in total seven such choice tasks, with the probability of winning the prize ranging from 1/8 to 7/8 and the tasks administered in random order. The measure used in this paper is simply the average certainty equivalent for the seven choice tasks. For a detailed description of the data, see Vieider et al. (2014) .
As a robustness check, we utilize propensity score matching to create matched pairs that construct counterfactuals. Propensity score matching utilizes observables to estimate probit models of the probability that households receive a particular treatment. 7 The predicted values of these probit models are then used as propensity scores that match treatment and control households. All possible treatment combinations are estimated for a total of 15 propensity score matching results.
We estimate propensity for observations only within the region of common support. The independent variables included in the Probit model are ones that are likely similar for members in a community. These variables are respondent education, distance from the respondent's household to the nearest road and respondents' religions. For some treatment combinations all three variables are included (e.g. comparison of treatment 1 versus treatment 6), but for some propensity score models with all three variables included the treatment and control groups were not balanced. Fewer than the three independent variables were therefore used in the propensity score estimation, but distance to the nearest road (a continuous variable) was always included. Details on the propensity score models are available from the authors.
Results
We now present the results of our empirical analysis, which seeks to evaluate whether people actually use the Mirt stoves at levels consistent with minimal stove stacking. We begin with a discussion of the frequency with which the Mirt stoves are used based on the SUMs that were attached to the stoves for between 39 and 58 days a maximum of four times per household. These results are followed by analyses of stove use based on the treatments applied. We test for whether the treatment applications come from the same population and therefore whether the randomization was successful. We then present the results of our pooled OLS regressions, followed by nearest neighbor propensity score matching
Basic Stove Use Frequency
We find that across the four rounds of our sample users who received the Mirt stove on average used it 2.27 times per week. This result is in accord with our household survey and Gebreegziabher (2015) (for the subsample that participated in the controlled cooking test or CCT), which suggests that respondents cook injera an average of about 2.5 times per week. We therefore find that on average households use the Mirt stove frequently and seemingly appropriately. We find that across the four rounds only 8.85% of observations had zero use, suggesting that virtually all households in all rounds actually used the stove. About 80% of observations indicate average stove use at least once every two weeks and 68% of observations averaged at least one cooking event per week. Table 3 indicates that in later rounds households generally used the stove more frequently than in early rounds, with median stove use plateauing at about 2.0 times per week. The pattern is not completely monotonic, however, with a dip in average frequency between rounds 3 and 4, which could be due to reduced cooking during the warmest season, but it seems that as cooks gain experience with the stove they generally use it more frequently.
In the latter three rounds 25% of households use the stove an average of at least three times per week and except for in Round 4, 90% of users average positive usage. Select users cook with the Mirt stove an average of 2 to 3 times per day, suggesting they use it for purposes in addition to cooking injera. This finding is also in accord with a satisfaction survey we conducted that is discussed in Gebreegziabher et al. (2015) in which 84% of users report using the stove for purposes in addition to cooking injera, such as baking bread, making coffee and cooking stews. Table 4 presents the mean number of cooking events per week by region and round.
Consistent with the previous table we find roughly increasing average usage across rounds regardless of region, with a dip between rounds 3 and 4, perhaps due to seasonality. Amhara and Oromiya
Regional State have higher average usage than SNNP, with Oromiya having the highest average number of cooking events in rounds 3 and 4. SNNP is lowest, because the cultural practice is not to eat injera at every meal. As discussed above, the Mirt stove, while being capable of cooking other foods, is primarily designed to cook injera.
Effect of Treatments on Stove Use Frequency Based on Randomized Distribution
In the above discussion we have shown that households use the Mirt stove on average consistent with its expected purpose to cook injera. We now turn our attention to a preliminary analysis of why the stove is used, with a main emphasis on the six treatments equally applied when the 360 stoves were randomly distributed to households. As discussed in the previous section, treatments were applied at the site level so that within villages the distribution would be viewed as fair and equitable. For example, everyone who lived in a village paid or received the same amount of money for using the stoves. These treatments were assigned completely randomly, but it remains important to check that the intended randomization was successful. approximately the 5% level and access to piped water is significant at more than the 1% level. We do not view this as a major problem, though, because it is the community variable that is least directly related to improved stove use, which we evaluate in this paper. Table 6 provides key descriptive statistics on the frequency of stove use by treatment. We find that treatment 5 in which stoves are distributed free, with no other treatment aspect offered resulted in the highest average stove use of about 2.7 times per week, followed by treatment 1, which has the largest maximum use of three times per day. Measured cooking events per week are all, however, well within one-half standard deviation of each other, raising questions of statistical significance. As was mentioned above, stove use frequency is not normally distributed. We therefore use Mann-Whitney (i.e. Wilcoxen rank sum) tests to evaluate whether there are statistically significant differences in stove use based on treatment. Table 7 presents these test results, with means given in Table 6 . In the table row treatments are compared with column treatments, implying that positive numbers indicate the row treatment has a larger estimated treatment effect than the comparable column treatment. Positive numbers indicate the row treatment has a larger effect on frequency of use than the column treatment. Refer to Table 6 for mean values. ***, **, * indicate significant at the 1%, 5% and 10% levels
The results suggest that stove users often decide their stove use on bases other than the treatments they received, because only seven of 15 possible unpaired differences are statistically significant. That said, more than half of the statistically significant differences involve treatment 5, which is statistically more effective than treatments 1, 2, 3 and 4, but not 6. These results suggest that those who paid for their stoves or conversely were paid to use their stoves a minimum of twice per week during the first round on average use their stoves less than if stoves are offered for free.
The network treatment in which users were assembled into groups for additional training and Q&A shows mixed results. Treatment 6 dominates treatment 5, but those who received treatment 3 used their stoves more than those who received treatment 4. The statistically significant comparison of treatments 6 and 4 is also interesting, because both have the network treatments, but different randomized monetary treatments. Those who received their stoves for free used them more than those who paid 25 birr, conditional on also receiving the network treatment. These results suggest that we can reject the hypothesis that paying for the stove spurs more frequent use than when stoves are distributed for free.
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Propensity Score Matching and Treatments
We now turn our attention to the findings from our nearest neighbor propensity score matching models. Table 8 presents the average effect of each treatment on frequency of Mirt stove use per week. These effects are compared with the counterfactual of one of the other treatments.
Also included in each cell are the number of actual matched treatment and control households, the two-tailed p-value based on the estimated t-statistic and whether the average treatment effect is significant at the 1%, 5% and 10% levels. Additional information on the number of blocks, region of common support, absolute propensity score difference between treated and controls and average frequency of stove use for matched treated and control households are available from the authors. Table 8 ATT in bold. Positive numbers indicate the row treatment has a larger effect on frequency of use than the column treatment. P values in parentheses. Number of matched treated/number of control in square brackets. ***, **, * indicate significant at the 1%, 5% and 10% levels Results in Table 8 are consistent with results already discussed, but utilize explicitly matched samples. We find that those who receive stoves under treatment 4 use their Mirt stoves less than other treatments, except for treatments 3 and 6, which are statistically insignificant. The treatment 4 effect is statistically significant at least at the 5% level for treatments 1, 2 and 5.
Marginal effects of treatments 1 and 5 versus treatment 4 are particularly large at 0.86 and 0.89.
These effects are about 1/3 of the pooled sample mean.
The average treatment effect of treatment 5 is also large vis-à-vis treatments 1 and 2 at 0.57 and 0.59 more times per week (about 25% of the sample mean). In the matched sample we find that households receiving stoves under treatment 6, which includes the network treatment along with free distribution, on average use the Mirt stove 0.50 times (22%) more per week than those receiving treatment 5 (no network). In the matched sample those receiving treatment 6 also on average use their stoves 0.53 times more per week than those receiving treatment 2 (50 Birr use incentive, plus network).
Pooled OLS Regression Results
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We now present our pooled OLS results with round and district (i.e. woreda) fixed effects with errors clustered by household. The dependent variable is the number of times per week respondents use the Mirt stoves. In these models, though our randomization appears to have been successful, we adjust for key household level variables that could confound our interpretation of the treatment effects. The regression models also allow us to analyze the effects of non-treatment variables on stove use frequency. The results of 6 models are presented in Table 9 .
Under the null hypothesis that R 2 = 0, the F statistic follows the F distribution with 60 and 984 degrees of freedom. We find for model 5, which is the focus of our interpretation, that we can reject the null hypothesis that the explanatory variables have no impact on the stove frequency at the where k is the number of parameters and n is the number of observations. the 1% significance level for both treatments 2 and 6 in Models 5 and 6, which include district fixed effects. Consistent with previous methods, treatment 3, payment of ETB 25 and no network, has a negative impact on stove use frequency compared to treatment 5. These results therefore also contradict the hypothesis that paying for the Mirt stove promotes use.
Treatments 2, 3 and 6 are insignificant without the district fixed effects. These pooled OLS results therefore suggest that once unobserved locational differences are taken into account, treatments that include the network aspect may be important for the use of Mirt stoves, though the insignificant effect of treatment 4 makes this conclusion less clear. Consistent with results in table 3, we find that households on average increased their use frequency over time. Compared with round 1, which is the base category, we find that stove use frequency is greater in the second, third and fourth rounds than in round 1. Consistent with our other results, we also find the largest effect in round 3, which was measured during the March to May 2014 period. Note: *** = Significant at 1%, ** = Significant at 5%, * = Significant at 10%, District dummies are included in both model 5 and 6 but are not reported for the sake of economizing spaces. The result shows that there are differences in stove use among the different districts.
Several control variables are also found to be important. We find that those respondents who participated in the CCT use the stove more frequently. This result appears to be evidence of a "Hawthorne" effect in which more intensive intervention changes respondent behavior. We also find that households with higher temperatures at the time of the household survey use their Mirt stoves more than those in cooler areas. This result is expected as warm temperature allows injera to 26 | P a g e be stored for fewer days. Vieider et al. (2014) estimated risk aversion is a function of wealth, income and market failures. The negative coefficient estimate may therefore be picking up such omitted variables.
Conclusions
This paper uses a randomized experimental design and real-time electronic stove use monitors to evaluate the frequency with which villagers use improved biomass-burning Mirt injera cookstoves in rural Ethiopia. Understanding whether, how much and why improved cookstoves are used is important, because stove use is a critical determinant of total greenhouse gas and indoor air pollution reductions. Confirming use is, for example, a critical aspect of crediting improved cookstoves' climate change benefits under REDD+.
We find that Ethiopian households in the study area use the Mirt stove in accord with its primary purpose to cook injera, which is estimated to use more than half the fuelwood in the country. Reducing fuelwood use for injera baking is therefore of keen importance. Households on average use the stove 2.4 times per week in the final round of monitoring, but there is significant spatial variation, with households living in SNNP Regional State on average using the stoves just over half as often as households in Amhara and Oromiya. We believe this result is related to SNNP having a less strong tradition of injera baking than the other two regions. This result echoes the literature, which emphasizes the importance of local context and the difficulty -even with a relatively specialized cuisine and a technology designed for that type of cooking -of developing one-size-fits-all improved stoves. A homogeneous approach worked poorly in the past and we see that in 2014 local conditions continue to matter.
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In general, stove users over time more frequently use their Mirt stoves. Though there appears to be a seasonal element, with most frequent cooking occurring during the March to May 2014 reporting period, as users gain experience they use the stove more frequently, which is a very good indication that the stoves are appropriate for most of the local conditions.
Our results suggest that the conditions under which stoves are given matter, but our estimates and therefore conclusions about treatments vary somewhat by estimation method and whether regional effects are explicitly accounted for. Unobserved district effects indeed pick up a lot of the variation in the pooled OLS models, a feature that is not explicitly considered in the MannWhitney tests and propensity score matching models.
Giving the Mirt stove away for free and providing network treatments for users (treatment 6) is found in a number of models to lead to more use and in the pooled OLS model treatment 2, which also includes a network aspect, also spurs more frequent use. We find no evidence, however that stove recipients use the stoves more if they pay for them. Indeed, if anything, treatments 3 and 4, which include 25 birr payments by respondents, result in less frequent stove use. Free distribution seems to be the most robust monetary treatment if the policy goal is to promote stove use. Results are a bit less clear with regard to the networking, though the pooled OLS results adjusting for region fixed effects suggest -as long as recipients are not required to pay for their stoves -that networking increases use frequency.
Is the Mirt stove a technology that could potentially be creditable under REDD+? In other work (Gebreegziabher, 2015) we are able to document that on average Mirt stoves use less wood to cook typical meals and users say they like them. The current paper indicates that if put into the field, people will use the stoves and just need to be given the stoves. No additional financial incentives seem to be needed, which could make the stove a potentially cost-effective REDD+ compliance mechanism. These results together suggest that in the field under uncontrolled conditions the Mirt stoves reduces fuelwood consumption.
Using the evaluation framework of Johnson et al. (2009) , open questions remain about the portion of the fuelwood that is unsustainably harvested and the emission factor of the technology.
The greenhouse gas emission factor depends only on the technology rather than behavior. In previous literature (e.g. Megen Power, 2008) the stove was found to emit fewer gases, but more needs to be done particularly on the indoor air quality implications of the stove. 17. Train respondents in stove use. Respondents receiving treatments 2, 4, 6 also receive network building and group training (see page 5 for components). 18. Inform respondents that enumerators will return to collect the SUMS data after 6 weeks and again after 12 weeks. Provide respondents with a mobile telephone number to call if they have any concerns. Stove Features and Performance Information "The Mirt stove, which you are offered is being promoted by the Government of Ethiopia as part of its National Improved Cookstoves Program. The objective of the program is to support the dissemination and adoption of 9 million improved cookstoves in Ethiopia. The use of these improved cookstoves is believed to have the following advantages: (i) reduced deforestation from reduced fuelwood consumption; (ii) reduced smoke and reduced respiratory disease infections and deaths; and (iii) possibly less time collecting fuel. These benefits come from more efficient burning of wood. The Mirt stove has been found to reduce fuel consumption by about half and the release of harmful gases was found to decline almost to zero (decline of about 90% The other two attributes should be discussed only if they are active (i.e. incentives for use and/or network building/group training are offered).
 ETB 50 Incentive for Using the Stove for First 6 weeks. "If you accept the Mirt stove you also have the opportunity to receive an incentive for actually using the stove to cook injera. You will receive a payment of ETB 50 if you use the stove at least 2 times per week for the next 6 weeks as measured by the stove use monitor. That is, if over the next 6 weeks you use the stove 12 times, you will receive a payment of ETB 50. The use each time should be for a period of time appropriate to cook injera for your family."
 Network Building/Group Training "If you accept the Mirt stove you will also need to attend a meeting lasting no more than 2 hours with all other villagers who are receiving these stoves. The meeting will take place at ____________________(time) and __________________________ (place). During the meeting we will provide additional information about the Mirt stove and answer any questions."
After all information is given, please ask respondents if they understand everything and whether they agree to the terms under the treatment. If respondents agree, proceed with installation, taking payment if appropriate, etc. Otherwise administer the short questionnaire for those who refused to participate. Note: *** = Significant at 1%, ** = Significant at 5%, * = Significant at 10%, District dummies included in both model 5 and 6 are not reported for the sake of economizing space.
